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Abstract — Opioid overdose is a potentially life-threatening condition that requires immediate medical 
attention, often landing affected individuals into the emergency department. The longstanding treatment for 
opioid overdose has been naloxone, a pure opioid antagonist that reverses all signs of opioid intoxication. 
While effective as a reversal agent, naloxone has a half-life which is shorter than all opioids. Once the effect 
of naloxone wears off, patients may experience recurrence of opioid intoxication and the consequences can 
be fatal. The objective of this article is to review the available literature that addresses routes of 
administration and doses of naloxone as well as the necessary duration of observation when treating patients 
who present with opioid overdose. The preferred route of administration remains intravenous with 
intramuscular and intranasal considered alternatives. Recommended dosing is dependent upon history and 
the opioid being reversed; however, doses range from 0.05 - 2 milligrams. A literature search revealed a 
relatively small number of studies related to observation periods following naloxone administration and 
subsequent recurrence of opioid toxicity. The available literature supports incorporation of a two-hour 
observation period following administration of naloxone for short-acting opioids and a longer four to six hour 
observation period for reversal of long-acting opioids. 
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I. INTRODUCTION 

Opioids exert their analgesic effect by binding to opioid receptors that exist throughout the central and 
peripheral nervous system. The end result is inhibition of transmission of nociceptive information [1-3]. Opioids 
also cause euphoria, specifically by an agonistic effect on the p -opioid receptors located in the 
mesocorticolimbic system [4]. Because of this property, opioid analgesics are often misused. Opioid overdose is 
becoming a more prevalent issue in our society, with mortality rates more than triple from 5.3% per year before 
1990 to 18.1% per year from 1990 to 2002 [5]. Between 1997 and 2007, prescriptions for opioid analgesics 
increased by 700% in the United States [6]. In 2008, more than 36,000 deaths were reported from drug 
overdose, with prescription opioid analgesics, cocaine, and heroin being the most common [7]. Opioids are also 
frequently used in hospitals and are commonly associated with medication errors [8]. Results from a 2007 
national reporting system showed that more than half (53%) of opioid errors resulted in overdoses, and many 
cases (22%) required intervention with an opioid antagonist [9]. 

II. SIGNS AND SYMPTOMS 

Patients with opioid intoxication will exhibit classic signs of depressed mental status (ranging from 
drowsiness to coma), decreased respiratory rate, decreased bowel sounds, and constricted pupils. Hypotension, 
bradycardia, convulsions, and hypothermia may also be present, especially in poly substance overdose [1,10-12]. 
The cardinal sign of opioid overdose is a respiratory rate less than 12 breaths per minute in a patient who is not 
in physiologic sleep [1, 10]. 

III. PHARMACOKINETICS OF OPIOID OVERDOSE 

Management of opioid overdose can be problematic due to the differences in pharmacokinetic 
properties of each agent. This can be compounded by the accumulation of pills into masses, called bezoars, after 
large ingestions that produce unpredictable rates of absorption. In addition, opioid overdose leads to saturation 
of the hepatic enzymatic system, shifting the elimination kinetics from first-order to zero-order, thus prolonging 
toxicity [10]. 
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IV. MANAGEMENT 

Airway support and restoration of breathing are essential before proceeding with pharmacological 
intervention [14,15]. Once the airway is secured, administration of an opioid antagonist is the next step to 
reverse opioid toxicity. Naloxone, a short-acting competitive p -opioid receptor antagonist, is the antidote for 
opioid overdose. The onset of action of naloxone depends on its route of administration. The preferred route is 
intravenous (IV) because it provides the most rapid effect, usually within 2 minutes [16], although anecdotal 
response is seen within 30-60 seconds. Alternative routes such as intramuscular (IM) or subcutaneous (SC) have 
an effect within 3-5 minutes [17], and the intranasal (IN) route may take up to 13 minutes [15]. A few studies 
have been conducted on the efficacy of these alternative routes. Sporer et al demonstrated that patients had 
similar response rates to 2mg naloxone given IM as compared with IV [18]. Wanger et al compared 0.8mg 
given SC and 0.4mg given IV. The results showed no difference in time interval from arrival at patient's side 
until respiratory rate rose above 10 breaths per minute [19]. However, the authors may have incorrectly 
concluded that there was no difference when one may have existed as the study did not meet power. Both 
studies pointed out that the IM and SC routes provide erratic absorption and delayed elimination [18,19]. 
However, these routes are acceptable alternatives when the IV route is not readily accessible [1 1,14,16]. A 2009 
study by Kerr et al demonstrated that time to adequate response was comparable between IN and IM naloxone 
[20]. In a recent retrospective study, Weber et al concluded that nebulized naloxone is safe and effective based 
on an 80% response rate [21]. The oral route is not used due to extensive first-pass metabolism, producing 
negligible bioavailability [10]. The duration of action for naloxone is 30-60 minutes, and the terminal half-life is 
30-90 minutes. It is primarily metabolized by the liver and excreted as inactive metabolites in the urine [13, 14, 
16, 19]. 

The initial dose of naloxone ranges from 0.05mg to 2mg and is dependent upon the severity of 
respiratory depression and the patient's history of opioid dependence [11]. A lower starting dose is typically 
used in opioid -dependent patients to avoid precipitation of withdrawal [11,16,22], while higher doses may be 
required to restore respiration in bradypneic or apneic patients [11,22]. A practical starting dose of 0.4mg IV 
should reverse most opioid-induced respiratory depression [1, 2, 11,13,14,16,22]. Patients with cardiopulmonary 
arrest require the highest dose of 2mg to effectively reverse opioid toxicity, regardless of patient's drug use 
history [11,23]. Dose titration should occur every 2-3 minutes until normal respiration returns (12 or more 
breaths per minute) [1,2,11,13,14,16,22]. There is no maximum dose for naloxone in the absence of opioid 
withdrawal, however, an alternative diagnosis should be considered after lOmg of naloxone [1,2,11,14,16,22]. 

V. POST-NALOXONE ADMINISTRATION 

Naloxone has a shorter half-life than all opioids, therefore it is logical to monitor patients for 
recurrence of opioid toxicity [11,24]. However, there is no consensus on a specific time frame to observe 
patients in the emergency department (ED) before discharge. 

In a prospective, observational study, Christenson et al examined the safety of early discharge decisions 
and the accuracy of outcome prediction by physicians 1 hour after administration of naloxone for patients with 
presumed opioid overdose. Patients were included if they received naloxone in the prehospital or ED setting. 
Exclusion criteria were death in the ED within 1 hour after receiving naloxone, left the ED against medical 
advice, or refused to consent to follow-up. 573 patients were eligible for this study, the mean age was 35.7 years 
and the majority were males (82%). At 1 hour assessment, ED physicians indicated that 282 patients (49.2%) 
were safe for discharge based on the following "prediction rule": 1) ability to mobilize; 2) normal 2 saturation 
(>92%); 3) normal respiratory rate (>10, and <20 breaths per minute); 4) normal temperature (>35°C and 
<37.5°C), 5) normal heart rate (>50 and <100 beats/min); and 6) Glasgow Coma Scale > 15. Only 6 (2.1%) of 
these patients suffered an adverse event after discharge. Overall, 278 patients (48.5%) stayed less than 2 hours 
in the hospital. This duration reflects extra time that patients were held to address social, psychiatric, and other 
issues after they were considered safe for discharge. 130 patients (22.7%) stayed between 2 and 4 hours, and 
165 (28.8%) stayed more than 4 hours. The authors concluded that the 1 hour post-naloxone administration 
"prediction rule" safely assessed patients with presumed opioid overdose for early discharge. However, 
validation of this rule is required prior to clinical use [25]. 

In a retrospective cohort study, Boyd et al looked at records of 145 eligible patients with presumed 
heroin overdose treated by emergency medical services (EMS) personnel. The mean age was 26 years and the 
majority were males (82.8%). ED evaluation did not occur in 84/145 patients, with 71 of those 84 (85%) having 
received prehospital naloxone. All 71 patients showed no signs of hypoventilation following naloxone 
administration and none reported life -threatening events during a 12-hour follow-up. Only 61/145 patients 
(42%) were transferred to the ED after prehospital treatment. Of these, 29 were discharged, 8 left against 
medical advice, 23 were admitted to the hospital, and 1 was transported elsewhere. There was no mention of the 
time between ED admission and discharge. The authors concluded that allowing patients to leave after 



Use of naloxone far the nuinagenienl of opioid overdose 



prehospital naloxone treatment is safe and a 1 hour observation period after naloxone administration in the ED is 
adequate for presumed heroin overdose [26]. 

Watson et al conducted a retrospective case-control study of naloxone-treated patients with opioid 
toxicity over a period of 8 years. Their objective was to determine the recurrence rates of opioid toxicity after an 
initial response to naloxone. Recurrence of opioid toxicity was defined as lethargy or somnolence during ED 
stay. The study included 84 patients with a mean age of 33 and the majority (58%) were males. Other baseline 
characteristics were similar between groups. Patients were observed in the ED for a mean duration of 6 hours. 
The results revealed that 42 patients (50%) responded to naloxone. Of these, 13 (31%) had recurrence of opioid 
toxicity. After an initial response to naloxone, recurrence of opioid toxicity was seen between 3 and 120 
minutes. Patients who took hydromorphone, meperidine, morphine immediate-release, or pentazocine — all 
short-acting opioids — had no recurrence of toxicity. The authors concluded that frequency of opioid toxicity 
recurrence is approximately 20-45% after an initial response to naloxone and recurrence of opioid toxicity is 
more frequent with long-acting opioids [24]. 

Since long-acting opioids are of particular concern for recurrence of opioid toxicity, patients with 
known overdose of long-acting opioids (e.g. methadone) or sustained release products (e.g. OxyContin) should 
be admitted to the hospital for extended observation. When reversing the effects of longer-acting opioids, a 
continuous infusion of naloxone may be necessary to prevent recurrent toxicity [14,22,27]. In one case report, a 
17 year old patient with methadone overdose received a total of 3.2mg of naloxone IV boluses over a 13-hour 
period but continued to revert back to unconsciousness with periods of apnea. He was then started on a naloxone 
drip of 0.8mg/hour overnight. By the next morning, the patient was alert, cooperative, and functional [28]. 
Watson et al demonstrated that patients who took long-acting opioids were significantly more likely to 
experience recurrence of toxicity than those who took short-acting opioids. Hospitalization and continuous 
naloxone infusion were more prevalent in patients who experienced recurrence of opioid toxicity [24]. In a 
pharmacokinetic study, Goldfrank et al provided a dosing nomogram for those who require prolonged opioid 
antagonism with naloxone. The authors suggested using an hourly continuous infusion rate that is 66% of the 
initial administered bolus dose to prevent recurring opioid toxicity [27]. Overall, the duration of observation 
following naloxone administration to treat opioid overdose should be based on the half-life of the ingested 
opioid, the patient's vital signs, oxygen saturation, mental status, and the physician's clinical judgment 
[11,14,22,25]. 

VI. CONCLUSION 

Opioid overdose causes significant morbidity and can be a life-threatening condition. Naloxone is an 
effective antidote that reverses opioid toxicity when given quickly, at adequate doses. Due to its short duration 
of action compared to opioids, multiple doses may be required to fully reverse toxicity. In cases of short-acting 
opioid overdoses, patients may be discharged once respiration and mental status return to normal and an 
observation period of 2 hours has been conducted after naloxone administration. For long-acting or sustained- 
release opioid overdoses, hospital admission is required and a continuous infusion of naloxone may be 
warranted. The observation period in these cases may extend to 4-6 hours after naloxone infusion and until the 
patient is awake and alert with no signs of respiratory depression. 
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